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containing oxygenated blood. The conduit is in blood-flow communication with blood contained within the chamber. A natural blood 
vessel graft having a first end is secured to the conduit for blood flow from the chamber to flow into the graft. The graft has a second end 
secured to the coronary vessel with an opening of the second end in blocKl flow communication with a lumen of the coronary vessel. The 
conduit and graft defining a blood flow path between the openings of the firet and second ends. 



Best Available Copy 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


OA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


' Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Geoigia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgiiim 


ON 


Guinea 


MK 


The former Yugoslav 


TM 


T^irkmenistan 


BF 


Buitina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Ttarkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


XT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukrame 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of Amoica 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


K£ 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


2W 


Znnbabwe 


CI 


C6te d'lvoire 


KP 


Democratic Pec^le's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






cu 


Cuba 


. KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


U 


Lieditenstein 


SD 


Stulan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singiqwre 







wo 99/36001 PCTAJS99/01012 

FLEXIBLE TRANSMYOCARDIAL IMPLANT 
BACKGROUND OF THE INVENTION 



1. Field of the Invention 

5 . This invention pertains to an implant for passing blood flow directly between 

a chamber of the heart and a coronary vessel. More particularly, this invention 
pertains to a flexible transmyocardial implant. 

2. Description of the Prior Art 

Commonly assigned and co-pending U.S. Patent Application Serial No. 

10 08/882,397 filed June 25, 1997, entitled "Method and Apparatus for Performing 

Coronary Bypass Surgery", and filed in the name of inventors Mark B. Knudson and 
William L. Giese, teaches an implant for defining a blood flow conduit directly firom 
a chamber of the heart to a lumen of a coronary vessel. An embodiment disclosed in 
the aforementioned application teaches an L-shaped implant in the form of a rigid 

15 conduit having one leg sized to be received within a lumen of a coronary artery and 
a second leg sized to pass through the myocardium and extend into the left ventricle 
of the heart. As disclosed in the above-referenced application, the conduit is rigid 
and remains open for blood flow to pass through the conduit during both systole and 
diastole. The conduit penetrates into the left ventricle in order to prevent tissue 

20 growth and occlusions over an opening of the conduit. 

Commonly assigned and co-pending U.S. patent application Serial No. 
08/944,313 filed October 6, 1997, entitled "Transmyocardial Implant", and filed in 
the name of inventors Katherine S. Tweden, Guy P. Vanney and Thomas L. Odland, 
teaches an implant such as that shown in the aforementioned '397 application with 

25 an enhanced fixation structure. The enhanced fixation structure includes a fabric 

surrounding at least a portion of the conduit to facilitate tissue growth on the exterior 
of the implant. 

Implants such as those shown in the aforementioned applications include a 
portion to be placed within a coronary vessel and a portion to be placed within the 
30 myocardium. The implants disclosed in the above-mentioned applications are rigid 
structures. Being rigid, the implants are restricted in use. For example, an occlxided 
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site may not be positioned on the heart in close proximity to a heart chamber 
containing oxygenated blood. To access such a site with a rigid, titanium implant, a 
very long implant must be used. A long implant results in a long pathway in which 
blood will be in contact with the material of the implant. With non-biological 
S : materials, such as titanium, a long residence time of blood against such materials 

increases the probability of thrombus. The risk can be reduced with anti-thrombotic 
coatings. Moreover, a rigid implant can be difficult to place while achieving desired 
alignment of the implant with the vessel. A flexible implant will enhance placement 
of the implant Unfortunately, flexible materials tend to be non-biostable and 
10 trombogenic and may collapse due to contraction of the heart during systole. 



SUMMARY OF THE INVENTION 

According to a preferred embodiment of the present invention, a 
transmyocardial implant is disclosed for establishing a blood flow path through a 

1 5 myocardium between a heart chamber and a lumen of a coronary vessel residing on 
an exterior of the heart. The implant includes a hollow conduit adapted to be 
inserted into and retained within the heart wall of a heart chamber containing 
oxygenated blood. The conduit is in blood-flow communication with blood 
contained within the chamber. A natural blood vessel graft is secured to the conduit 

20 for blood from the chamber to flow into the graft. The graft is secured to the 

coronlary vessel in blood flow conununication with a lumen of the coronary vessel. 
The conduit and graft define a blood flow path between the heart chamber and the 
vessel. 

BRIEF DESCRIPTION OF THE DRAWINGS 
25 FIG. 1 is a side sectional view of an implant according to the present 

invention; and 

FIG. 2 is a side sectional view of an implant according to the present 
' invention shown in place in a human heart wall with the implant establishing a direct 
blood flow path from a heart chamber to a coronary vessel. 

30 
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DESCRIPTION OF THE PREFERRED EMBODIMENT 
With initial reference to FIG. 1 , an implant 1 0 is shown including a hollow, 
rigid cylindrical conduit 12 and a natural tubular graft vessel 14. The conduit 12 
5 may be formed of titanium or other rigid biocompatible material such as pyroiytic 
carbon or may be titaniiun coated with pyroiytic carbon. The material of the conduit 
12 is preferably a rigid material in order to withstand contraction forces of the 
myocardium. While the conduit 12 is described as a solid, rigid cylinder, the 
conduit 12 can be any structure (e.g., an expanded stent) suitable to hold open a path 

1 0 through the myocardium during both systole and diastole. 

The conduit 12 is sized to extend through the myocardium 80 of the human 
heart to project into the interior of a heart chamber 82 (preferably, the left ventricle) 
by a distance of about 5 mm. By way of non-limiting example, the conduit 12 will 
have an axial length L of about 25 - 35 mm and an outside diameter Dq of about 3 

15 millimeters and an internal diameter Dj of about 2 millimeters to provide a wall 
thickness of about .5 millimeters. The conduit 12 extends from a first end 16 to a 
second end 1 8. While not shown, the second end 1 8 of the conduit 12 may be 
provided with a flange to stop insertion of the conduit 12 into the myocardimn 80. 
Such a flange will insure penetration of the second end 16 into the left ventricle 82 

20 and will provide a convenient location for a surgeon to suture the conduit 12 to the 
myocardium. Adjacent to the lower end 16, the exterior wall of the conduit 12 is 
provided with a circumferential groove 22, the purpose of which will be described. 

As discussed more fully in the afore-mentioned commonly assigned and co- 
pending U.S. Patent Application Serial No. 08/944,3 13, the conduit 12 may be 

25 provided with tissue-growth inducing material 20 to further immobilize the conduit 
12 within the myocardium 80. The material 20 is positioned adjacent upper end 18 
and spaced ftom lower end 16 and groove 22. The material 20 surrounds the 
exterior of the conduit 12 and may be a polyester woven sleeve or sintered metal to 
define pores into which tissue growth from the myocardium 80 may occur. 

30 The natural vessel 14 graft has first and second ends 30, 32. The furst end 30 

of the graft 14 is inserted through the interior of the conduit 12. The first end 30 is 
wrapped around the first end 16 of the conduit 12 such that the first end 30 of the 
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graft 1 4 partially covers the exterior of the conduit 1 2 adj acent the first end 1 6 of the 
conduit 12 and covers the groove 22. The first end 30 of the graft 14 is secured to 
the conduit 12 by sutures 34 tightly placed around the exterior of the graft 14 
overlying the groove 22. 
5 The conduit 12 and attached graft 14 are placed in the myocardium 80 with 

the first end 16 protruding into the left ventricle 82. The implant 1 0 thus defines an 
open blood flow path 60 having a first end 62 in blood flow communication with the 
left ventricle 82. A second end 64 of the blood flow path 60 communicates directly 
with the lumen 84 of the coronary vessel 86 lying on an exterior of the heart wall 80. 
10 To bypass an obstruction in a coronary artery, the end 32 of the graft 1 4, is 

anastomosed to the artery 32 with sutures (not shown) as is done in conventional 
coronary artery bypass procedures. The end 32 is secured to the artery 86 distal to 
the obstruction. 

With the above-described embodiment, the implant 10 permits 
1 S revascularization firom the left ventricle 82 to a coronary vessel such as a coronary 
artery (or a coronary vein in the event of a retrograde profiision procedure). The use 

■ 

of an elongated, flexible graft 14 permits revascularization where the vessel 86 is not 
necessarily in overlying relation to the chamber 82. For example, the implant 10 
permits direct blood flow between the left ventricle 82 and a vessel 86 overlying the 
20 right ventricle (not shown). The use of a natural graft 1 4 results in blood flowing 
through path 60 being exposed only to natural biological material thereby reducing 
risk of thrombosis. As shown in FIG. 2, the graft 14 is wrapped around the conduit 
12 so that no portion of the conduit 12 is in contact with blood within the left 
ventricle 82. 

25 Any suitable graft may be used. For example, the graft 14 may be an artery 

or vein harvested firom the patient Such harvesting is common in traditional bypass 
surgeries. The present invention permits harvesting a much shorter length of vessel 
than would be otherwise required in conventional bypass surgeries. In addition to 
grafts, harvested firom the patient, other grafts could be used. These include cryo- 

30 preserved grafts or bovine or umbilical vein glutaraldehyde treated vessels. 

Certain veins, for example the saphenous vein, include natural valves 70. In 
the event such veins are selected as graft 14, the graft 14 is aligned so that the valves 
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70 are positioned to provide unobstructed flow from the left ventricle 82 to the 
; vessel 86 as illustrated by arrow A in FIG. 2. The valves 70 act to obstruct reverse 
flow to the left ventricle. 

Having disclosed the present invention in a preferred embodiment, it will be 
S appreciated that modifications and equivalents may occur to one of ordinary skill in 
, the art having the benefits of the teachings of the present invention. It is intended 
that such modifications shall be included within the scope of the claims which are 
appended hereto. 
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What is claimed is: 

1 . An apparatus for use in a coronary artery bypass procedure at a coronary vessel 
disposed lying on an exterior of a heart wall, the apparatus comprising; 

a hollow conduit adapted to be inserted into and retained within the heart 
wall of a heart chamber containing oxygenated blood with the conduit in 
blood-flow communication with blood contained within the chamber; 

a natural blood vessel graft having a first end secured to said conduit for 
blood flow from said chamber to flow into said graft; 

said graft having a second end secured to the coronary vessel with an 
opening of the second end in blood flow communication with a lumen of the 
coronary vessel; and 

the conduit and graft defining a blood flow path between the openings of the 
first and second ends. 

2. An apparatus according to claim 1 wherein the conduit is sized to maintain a 
flow path through the conduit in response to cardiac contraction during systole. 

3. An apparatus according to claim 1 wherein the first end of the graft is wrapped 
around a first end of the conduit. 

4. An apparatus according to claim 1 wherein the graft has internal valves hmiting 
flow to a direction from the first end to the second end. 

5. An apparatus according to claim 3 wherein the graft is a saphenous vein. 

6. A method for performing a coronary bypass procedure at a coronary vessel 
disposed lying on an exterior of a heart wall, the method comprising: 
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securing a first end of a natural vessel graft to a hollow conduit; 

inserting the hollow conduit through the heart wall where the conduit and graft 
define a blood flow path between the first end and a second end of the graft and 
with the first end in blood flow communication with the heart chamber; 

securing the second end to the vessel to direct blood to flow firom the blood flow 
path into the vessel. 

7. A method according to claim 6 wherein the coronary vessel is a coronary artery. 

8. A method according to claim 6 wherein the conduit is selected to maintain an 
open blood flow path through the conduit during systole. 

9. A method according to claim 6 wherein the first end of the graft is wrapped 
around an end of the conduit. 

10. A method according to claim 6 wherein the graft is selected to have internal 
valves limiting flow to a direction fi*om the first end to the second end. 

1 1 . A method according to claim 10 wherein the graft is a saphenous vein. 



wo 99/36001 PCTAJS99/010I2 

I/I 




INTERNATIONAL SEARCH REPORT 



Int tional Appllcotlon No 

PCT/US 99/01012 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 A61F2/06 



According to tntemational Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searct^d (classification system toUowed by classilicatton symbols) 

IPC 6 A61F 



Documaniation searched other than minimum documentation to the extent that such documents are tnciuded in tfie fields searched 



Electronic data base consulted during the internattonat search (name of data base and, where practicat. search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, wtiere appropriate, of the relevant passages 



Relevant to dalm No. 



MUNRO ET AL: "The possibility of 
myocardial revascularisation by creation 
of a left ventrical ocoronary artery 
fistula" 

JOURNAL OF THORACIC AND CARDIOVASCULAR 
SURGERY, 

vol. 58, no. 1, 1 July 1969, pages 25-32, 

XP002103020 

see figure 1 

US 4 769 031 A (MCGOUGH ET AL) 
6 September 1988 

see column 3, line 42 - column 4, line 2; 
figures 1,2,4 



1,2 



1,2 



□ 



Further documents are listed tn the continuation of box C. 



ID 



Patent family members are listed in annex. 



" Special categories of cited documents : 

"A* document defining the general state of the art which is not 
cortsldared to be of particular relevance 

"E" earlier document but published on or after the international 
fiKng data 

T' docunwnt wtiich may throw doubts on priority ctaim(8)or 
which is cited to establish the publication date of another 
citation or other special reason (as specified} 

"O* document referring to an oral disclosure, use, exh&ition or 
other means 

T" document published prior to the international filing dale but 
later than the priority date claimed 



T' later document published after the international fittng date 
or priority date and not in conflict with the application tnit 
cited to understand the principle or theory underiytng the 
invention 

"X" document of particular relevance; the claimed invention 
cannot be conslderad novel or cannot tseconsidefed to 
involve an inventive step when the document is taken alone 

"V" document of particular relevance; the claimed invention 
cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu> 
ments. such combination t>eing obvious to a person skilted 
in the art 

document member of the same patent family 



Dale of the actual completion of the Memational seai^ 



18 May 1999 



Date of mailing of the International search report 



28/05/1999 



Name and mailing address of the ISA 

European Patent Off Ice, P.B. 5618 Patentlaan 2 
NL-2280HVRi}swiik 
Tel. (-^31-70) 340-2040. Tx. 31 651 epo nl. 
Fax: (+31-70) 340-3016 



Authorized officer 



Smith, C 



Foon PCT/ISAffilO (saeond shtel) (July 1 992) 



INTERNATIONAL SEARCH REPORT 



..mmational application No. 

PCT/US 99/01012 



Box I Observations where certain claims were found unsearchable (Continuation of Item 1 of first sheet) 

This intamational Search Report has not been established in respect of certain claims under Article I7(2)(a) tor ttie toilowtng reasons: 

1. [Tj ClaimsNos.: 6-11 

because they relate to subject matter not required to be searched by this Authority, namely: 

Rule 39.1(iv) PCT - Method for treatment of the human or animal body by 
surgery 

2. Q CtaimsNos.: 

because they relate to pans of the intemationai Application that do not comply with the prescribed requirements to such 
an extern that no meaningful International Search can be carried out speclficauy: 



3. Q ClaimsNos.: 

because they are dependent claims and are not drafted in accordance with the second and thifd sentences of Rule 6.4(a). 

Box II Observations where unity of Invention is lacking (Continuation of Item 2 of first sheet) 

This International Searching Authority found muttpie inventions in this intemationai application, as follows: 



^ • I ^ aw required additional search fees were timely paid by the applicant this international Search Report covers aU 
* searchable Claims j j ^ ^ 



all searct^ie claims could be searched without effort justityinQ an additional tee. this Authority did not invite payment 
of any additional lee. » r ^ i 



^ LJ t!L^^!^ ^ ^ required additional search fees were timely paid by the applicant, this international Search Report 
• <»»'«o™y •lose claims for which lees were paid, spedficaltycl^ 



fesmcM to the invention first mentioned in the claims: it is covered by claims fto.: 



ftemarfc on Protest jhe additional search fees were accompanied by the applicanrs protest 

I I No protest accompanied the payment of addttionai search tees. 



Fbnn PCT/ISA/210 (continuation of first sheet <1)) (July 1998) 



INTERNATIONAL SEARCH REPORT 

tntormtflon on patent family memb«r« 



tm .tionat Application No 

PCT/US 99/01012 



Patent document 
cited in search report 


Publication 
date 


Patent family 
member(s) 


Publication 1 
date 


us 4769031 A 


06-09-1988 


NONE 







Foim PCT/I8A/2I0 (patent temity atvwc) <Juty te82) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

0 LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



